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Thio invoGt legation \;qc oonduebod to otudy tho flar i*ato noooGOCU'y 
to i-iaiiTbaia a sv/or,t coolod notal at an oquilibriun tcr.aooro.biu'*o v;hoi o'ib- 
Joabod to a ['aa tor'-poraturo. Tho ctiKly \/aG 15jnitod to fundnraoiital 

toato on coppor, bronso, and ctalnlooc otool porouo notal cpoci.iono \rhicli 
vraro iy\o o‘''jly typoa avallnblo at thic tino. ..atcr coolinq ;xls uood 
t3u*on”.ho’ut tho invoGtication. 

ConcluGior.G of a qualitativo na-buro vroro obtr.ined \;hioh gHov/ that 
\mtcr flov/ I’ato io a prl’:iDj: 7 ' factor in inaintainin;;; tTw-oat coolod r.otcJ.a at 
oquillbriiT’ tonporaturo, and tliat ciotal thor uil conductivity ’lao birt 
eiicht offoot. Tl'.o foaoibility of tho GTroat cooling] toolmlquo v/ao rnven 
by tlio fact thxt a \/ator flo.v rato of looa thon 0.1 co/in? - ooo \rr.3 ro- 
quirod to caticfactorily cool n porous ■^otal curfaco Gubjootod to a poten- 
tial hoab tretnefor of 1#0 nTu/ln.^-coo. 

Th-o o;rperinonbal invoatic,ation v/as conductod at tho Jab Propulcion 
Laboratory of. th.o California Inotituto Of Toainolo^y fran ITovasbor, 10^5 
to 'ay, 19>1G. Tho auf.ioro aro indobted to hr. Pol Duv.'os for hie porfootion 
and procaiotion of the porouo noted cpocinonc a:id for hin direction end 
Guporvioion in tho lino of roaoaroli. Thoy aloo idoh to nc^’^iaulod^o tho 
aoGic-banco of fr, Lindcoy uhooior Jr. in tho do3if;n and davolopnoirc of tho 



o::porinontal oquipnant cuid toolmiquo. 
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Tho offioionoy of Jot propul a ion pa/or plant c oould be [;roatly 
Irr^rovod if tha mtoriala used vraro ablo to vdthstond hi^hor 
tenporaturoa • , T’noi'ofo:'® a noanc of inoroaoin^^ tlio ollovmblo 
toirnoraburo linlt vdll x^oquiro dovolopraont of higher noltinr point 
r.xttor*ialo or cooling of tho proaonb day mtoriala. Ono riothod of 
attack to imrovo cooling; io tho Infiltration of a fluid thi'oush a 
porouc notal. Thio typo of cooling io laicTvm oa ”c\';oat cooling”. 

The torn ”s\7oat cooling" io applied to 'tlio proooos vdieroby a 
fluid io passed tlxrough a porouo notal and foms a proteotivo filn of 
liquid or vapor on tho aurfaco e:;rposod to a high gas tonporaturc. 

Thio Tjrotoctivo filn my bo attainod by passing oithor gaooc or liqiiido 
tlirougli tho porous notal. In vioi'; of tho nunorous oxporinentai toch- 
niquoo of handling difforont coolants, thio invootigation vmo United 
to a study of vaitor cooling only* 

Tlio actual produotlai of porous notal o suitable for cooling 
purposes io in its infancy, and at tho oirtsot of this investigation 
only a lisaitod n\t?i>or of raotolc liad boon sucooGofully produood by 
pcavdor notallurgy nothods. Tho px'inoiplos iiivolvod in tlxo "siToat cooling" 
of thcGO notals rraro unlaacr.Tii, but it v/as boliovod tliat tlio variables 
vreroj tho tonporaturc and volocity of tho gas; tho flow rato, tenpora- 
turo, vlooooity, hoat of vaporisation, and vapox* prossuro of tho ooolantj 
tlio poro oiso, porcont porosity, thorrml conductivity, ond toaporatoro 
of tho norous notal. 



Tho piurpooo of this iirv7'osti,';;;ation \ms to conduct fundaMontal 
tooto on tdio produood spocinonQ« Thoco o::porinontal toato v/oro ro- 
atricto<'l prirjnrily to a correlation of r/ator fla/ rate nirl hoat tranc- 
for at a conotemt r.iotal taax>oraturo. Tho actual valuo of hoat tranofer 
at tt.c c’^ocinon coiild not bo noasurod, tlioroforo potential hoat tronc- 
for valxion vrarc obtained in tho noction innodiatoly ahead and aljaoont 
to t]"'' porouc r^otial cpoclnon* Potontial hoat transfer of a liquid 
ooolod porous nohal is dofinod na tho hoat traiisfor tlirou^^h a colid 
no-t-al oxposod to tho cano naa taiporaturo and velocity. 
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Tlio apparatus) ucod in thia invocti^o-tlon oo'auioted of a cyliiidrioal 



cliadbor inado up of a poroua inotal toot opocii-ion and a otainlocs ctool 
tube T-iiioIi coolod by a v.ntor Jaolx)t. /n o'iycon-aootylono fltno Trit5i 
c. tonporaturo of o.ppro::iinatoly i;500°P and vrltli a TOlooity of about 
300 f't/ooo. v/ao paeaod curially throupb tlio oylindrical ohe:±>or. Vai’ia- 
tiono in boat transfor valiioo v/oi’o attainod by rogulation of tho onyron 



and a.ootylono proaouroo to tho bumor, ^7}lioh, in offoot, voriod th.o 
fltc'io tanporaturo and volocity. In tliio :• laniior boat tranofor valuoc ac 
hich a.a 1,2 BTU/in.^~ ooo v/oro oaoily obtainod.- 

Tho poroua notal opocl^c^ v;oro supplied in a standard oylindrical 
fonn an outcido dianctor of 1*05 in., and inoido dianoter of 1,05 in., 

\7ith an overall lon^tli of 1*75 in, (Soo Pig, 1). Tho apooinona i;oi'o 



gi'oovod at botii onda to por/.iit coaling in the tost choxiber by noana of 
laibbor gaokota, Thoy v/oro produced at tho Jot Propul cion laboratory by 
a pcTu-dor rvotallui'gy toolmiqu© dovolopod by hr. Pol Duv/os.”^ Tlrroo differ 



©rrt typos of poroiis notola v/oro studied, nonolyj ooppor, broiiso, and 
atainloac otool, Tho descriptions and anockficatictna of thoco crx.ploa 
aro truDiilatod in Tablo I. 

Tho opoo^^en Tost /x3oer±)ly vvuo conotructod of otainloca stool and 
conaictod of tiiroo mjor co:npononto; 1, opocinon holder, 2. ontrairt 
aoerbion, and o. bivrnor olarn, Thia aaaoriDly io chcr.m in Fig. 2. Tho 



ik*. ?oi Duvxocj 



G/iLCIT report to bo publiahod 
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spooi"X)n holder ODnoioted of a jo.olrot end poroittod tho natal 

tjpocirio*! to bo Inflortod ffon tho roar and cealod firon tlio water jacket 
by no''>no of rubber f'anlroto and poxnatox. Tho holder ^raa olcr^od to tho 
antrant cootion iritli an aoboctoc caakot ucod as a cool. Tho onbrant 
ooctiou v;ao Gurroundod by a "iTator jacket from v/hioli lioat tranafor values 
vrore obtained - Tills vrator jack at v/ao divided into two parts. In order 
to obtaiii the hoat tranofor as clooo as poooiblo to tho toot opooinon, 
tiio for.-.xu*d nnrt of tI>o jacket only \/ao used for tlio hoat tronefer rjoae- 
iiranonts. Tho roar v/ator jaclast v/ao used sololy to provont ovorhoatinc 
of tho entrant oootion. The burner olo:inp hold tho asycon-Gootyloao 
burner Cm place vriiicli pomittod tho flaino to ixiso OKiclly tlirou^h tho 
entrant ooctior- and Gpooi">on holder. Tho ccsnploto toot asoonbly v/as 
moun'-od ao oIicr.Tii in Pico. 5, 4, and 5. 

'^ho proGOuro arovuid tho porous spoolran v/aa mintained by a mxtor 
hoQxl ^ilich could be varied up to a voluo of approximntoly 15 ft. Tho 
actual v/ntor flew at oiiy head could bo oboorvod by uso of tho plaGO 
rooorvoir and fixod ooalo. (Goo Fie. 3). 

Tho Viator fXo'.v tlirou^h tlio fonmrd part of tho onbranb aoction 
v;as ’.loatr.U'od by n Cocliran iHoat typo flcRi/iiioter. Tlio water iiilct and 
outlet torrporaturos for tlilc ,flor/ wroro obtained by uoo of two thor^i'io- 
couploo inojntod in tixo \;ator oonnoctiono to and fron tho forv-iard v;ntor 
jackcrl:, Thoao tliomooouplo loads v/oro connoctod vdth the coloctor 
ovritch. (Geo Pi^. d). 

In order to dotonoino tlio inoido wall tonpora-buro of th.o opooinen 
it T/c-G noooocary to inoeii; a tlvorniooo*aplo tliroueb tho toot conplo fron 
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tho oldo. Jti ono-oif*,jit3i inch holo \r-r, .Irillod Vrcxn • ,\jn ; .^■t jr ,7n.c'.xyb oido 
of -Uio opeoinon to vrf.thin ono-oixteontli inoh dictuioo fi-on -tlio incidc 
v.nll. Tliio holo mo uood to aooaxiodnto a ^.’oodon nlui; ooncainirv;;, tlv3 
ti’ro ■f'.hor'nocouplo rdroo. A omall holo v/ao tlion drilled tlio root tho 
Y/ay tiirouch tho opooinon to juot porrAt tho thoraooouplo boad to or-^ond 
flush* \/ith tho insido curfao©* Tho cvTOllin;;; of tho Tjcodcn pluc in con- 
taob \;ith tiio v/ater in tho jaohot v/ao found to ooal tiao t-iomoooYnlo in 
plaoo. Tiio thomooouplo ^Tlro3 \7oro load oYit tlirou{^h r. holo in ■'iho 
Dpooinon holder, (Soo Pig* 2), and connootod to a aelootor tTutch. 

(Pig. 5 and 4). 

A ."joodo and Uortlunip potontiax)tor T^odel CG57-C t/oq used to obtain 
tlio tcriporaturo fron tho olirocnol-alunol thor;.ioccuploG, This inotrunont 
had a {guarontood orror rrhich v/ao loco than plus or uinuo *05 Liillivolto. 






Tho a^poratinc tooliniquou cuid prooodm'oo applicablo to porouo 
niotalG \7oro uiilaiov.n at tho outoot of thio orcporinont, '‘vo a. conooqhcrxjo 
tho onoratii\; nroooJviro onO o::porinonto.l oquipciont i;orc nocViriod to a 
IttTfjO crrbont throu^lioiit tho inv^ootication, and riach tii'.io 'v/aa opont in 
dovioin(^. tin appropriato too.'mlquo* 

Tho oricinai toat rma v/oro rixdo \rith a rotractol buraor v.-hich 
porr.iittod outoido air to ontor into tho ccr.Tbuotion procoao v/itliin tho 
aaaoobly* ator floi/ at thia tmo vma noaaurod by tho prooauro crop on 
e. norcxiT'?’ nxmonetor across a oolibratod orifioo. It vras foimd that 
ccTall imtor f3,avc rroro oxocodin:^ly diffionlt to naintaln oonotant \rith 
tho Xiao of either tho vortical noroury nano:notor or tho incline I tube 
mnonor{*yOr« For tJLia reason tho prooodxjro itao altered and tho uac of a 
straip'Tt xra,tor hood T/aa adopted. 

T-iio ncx7 not!iod incorporated t‘ie ugo of a g!.u?. 1 ^laan roaoinroir 



tiu'.t oofuld bo raised or laroi-’od at \/ill and v.tio oonnocted to tixe \rc/cGr 
ji.cl:vy: of tlic apocinon acacnbly by a inibbor l.oao. Tlxo original o'r^on- 
a.cotylono bnrnor v/aj aloe r.xouifiod at this tine to o.xludo atnoaphcric 
air frcf' tno flaxo* Thlo clian^c v.na *xado in an attoLipt to obtair a noro 
caictori: oaabnetion erocoaa. 



Thrcucliont tho c»cpoi’inont variation in the nntor flov: rate tlirou^h 
tlio ponona spocinonc v;oro onooun’jorod. Tn.juo variaticna 'w’oro b'^licrvod 
to bo attribixtoblo to tiro najor aovu-coa. '^irct to tho onpcrr'vsnbAl pro- 
ooduro o.nd tho oocond to tho inlioront c'o:’n’aotoi*iGtioG of tiio poroua 
notala. In an ondoavor to oli'xinato xTU'iationa ariainq fron tho orr^ori- 
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looiital procoduro, cliotillod %)uior \.im uuod a© tho cooliix^ fliiicl “bo 
ol initiate dopocito in t!x) poroo oi” the uotal. /uiothox- difficulty In 
thio lino aroao fron a coot fonTiation vdiich oovorod tho porouo notal 
aurfneo idion tlio bvirnor vmo initially llr;;htod. Thio fomatlon ■vvao 
oonplotoly olinlnated by tlio uco of o. plpo Inoorbod axially in tho 
cpooirion accoir±»ly which siiloldod tho porous notal surface during 
"licht off”, and vmo ra.’'jCT7od as soon ac tho flono v.-ao properly adjustod, 

Tho variations of flov; ro-to arisinc fron tho inlioront cliaraotor- 
iotioG of tho porous notal uro affootod by imtor viscosity and vapor 
proGsuro v/.iioh vary T;itli tlio porous no-bal twnporaturo. Groat diffi- 
culty v.ao onoouiitorod bocauGO of inpropoi’ cooling directly abovo tho 
rubber caolsoto on tho spooinon, Pomation of ctoan bubblos occun*od in 
this roj^ion. In ordor to olininato this condition and to koop tho epeoi- 
non ontiroly oloar of otoon and v.ator vapor on ito outer surface, a otoan 
vont ttibo v/ao finally ins tolled. (Goo Pig. 2 and 5). 

I 

Ac.tlio voriationc in flo;/ rato woro ninitnizodS: v/ac found that 
oatiafaotory rtino could bo rrsado and ropoatod. Toot nmo v^oro nad© 
holding a conotant inoid© notal ourfaoo tonporaturo vrlth a particular 
flov7 rate at a conotant potorrtial hoat tronofor. Iloat transfer rras 
varied fron ono run to anotlior by clianging tho oxygon and aootylono 
proGouros at tlio bamor. In thio nonnor tho corrolatlon of potoiitial 
hoat transfer and Viater flov/ rate at a constant porous notal spooinon 
tor:^)cratm*o v/as posolbXo. Tho following proooduro vas carried out for 
oach tost run: 

1. light bumor at lav o:ygon and aootylono pros euro 
to Incuro imodiato ignition. 



0 



2. Ro.-iovo soot f;uard as coon as ^ od crtm /bion io 
obtalnod, 

3. Adjust o7:^on and acotylono proosuro to doairod val\.oo« 

d. Ugo a fivo to ton nirruto v/ar>-'ap period to porrdt tho 

opooinon to roaoh oquilibriin at tho dooirod ta’ipor'j.ture-, 

5« !b.Ix) email variationc in vntor hoad adjuctaonto to 

mirrbaln opooinen curfaco tae^i'aturo oonctont. Record 
data over a ono inch drop of hood in v/ator rooorvoir. 

6* Toko a nininuni of fivo ouoh roadiuGo to inoiu’o oquilibrivci. 

7, Record tho foHovdnc; data for oach toot run# 

a, TImo for oao-incii drop In hood, 

b. Inaido sxirfooo tenporaturo of opocinon, 
o* ..ator iiilot and outlet tonporattroo, and 
d. tutor flo*\/ through orrbrajcrb cootion, 

Tdbulca* data \ms rocordod ao chofm in Tablo II, 
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A coriploto oit.i.iai '7 of all a:i.>cr.br.oix;:ai xtuig io rocordod In 
Tabloa III, IV, and ?Lic crx.x.Tai*y v-as ocrcalnod fi^O-'n tho biuividual 
toot runs on tho ooppor, broiiso, and ctainloos atooi opoclncnc. 
x’oproaon-bative aarrplo of ouoh data ia Ghoi;Ti In Tablo II, Tho valuoa 
liotod bi tho aiEiTiOr/ Iiavo boon corrootod for flGvr;;iotor voirlntionc In 
aooordunco \rith tho Plok/ Motor Corroction dharb aho\/n in Pig. G. /J.1 
o:q>oriTnontaI to rjoi*atixro valuoo v/oro tal:on In nillivolto by noanc of 
a olii’oraol-alianol tlion.iocouplo and potontioLtotoi', and xroro coiiroi'tod 
into torporaturo (dogi’ooa Polironlioit) by uso of bho conversion dim'd: 
in Pig. 7. 

All tho data lio-bod in tho sirxvmy is plotted in Piga, 8 to 14 
inoluai'vx), and has boo4 clasoifiod as to niatorial and oogrogatod ao to 
ta”iporaturo, Thsoo plots givo a graphical proocsntation of hoat tronsfor 
vorciic \mtor flow, Fron tho curves obtainod in thoso figuros, it me 
poociblo to plot ta.rporaturo corrootion oliarts for bronso and atainlooa 
stool in tho region of 180^ (Pigo» 15 and 16 roopootivoly. ) . Those 
charts pornit tho tost data takon at various tor.iporatui'os to bo corrola- 
tod by convorsion to any dooirod tonporaturvD, 

Boforo boginning a do'bailod discussion of ‘bho individual spocbions, 
it coons ijiporbant to point out that all sx^oinons testod v/oro oi.iong tho 
oarly porous sonplos produced at tho Jot Propulsion Laboratory. ”ioro- 
photograjihs of thoso sanploc sha/od unervon poro eiso and distribution. 
This ohoraotoristio foa'buro of tho spooiraons oroso fi*ai tho uso of 
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amonlio bioorbonabo and :iubal ocr,”dor co-sxirativoly lar^o gi’ain 

sizso. ( )oo Tablo I). Tho irrocularity of poro diotribution and clco 
oftusod a voiv notiooablo vuncr/onnooo of tho v«ttod lootal oui*faco, Tl\io 
pliononom \/ao apparent at la; rates of isator fla; and too aoooupiriiod 
by t®rj)oratiiro variationo over tho o'urfaco of tho toot spooinon, /t 
larger t^xtor fla.; ratco, a unifom sxn'faco coolant filn \mo minbainod 
by tlxo sx.'oopinj tiotion of tlio flano on tho ourpluo x/ator, fho iiso of 
finor grain aisoo haa boon ohoirn to oliviinato tho abovo morrtionod diffi- 
C'altioG* l-crcm’x>r, tho porfoction of tliis proooasing toolmiquo \/as only 
roccntly aooorpliohod and th^ did not poiniit an invootigation of any 
of tjioGo noTw'or spoolnonc* 

Tho ooppor epoefcon x.'ao the first rmtoriol upon vdiich runs v/oro 
mdo, end tho najor rcfinaionts In oporating tocliniqiro v/oro dearolopod 
dui’ing tills period. At this tino distilled v.-utor x;ac not being xicoc, 
tho nooossity of using a coot gxiard had not boon rcalisod, and tho uso 
of a ctoon vont tube fran tho vrator jaoL-ot iiad not boon dovolopod. Daring 
this iporiod mns v/oro iiado liolcling tho v/ator reservoir in a fi:;od position 
vdiich ccaaantal to a constanb pi*ooouro docroaso as tlio ‘TOtor lovol in tho 
rooon^oir rooodod. At ttiis tino it x/tig bollcvod tliat oquilibriun condi- 
tions v/oro boing cloaoly appi'animtoc^. by this giradual docreaso in head. 

vjiao fovaid in lo-tor oi-'porii'ioiTus, towovor, such proooduro did not giro 
too Gatiofactoi*y a picturo of tho upocinon at oquilibriu.i sinoo at least 
a five nlnubo period of oporation at constant hood too noooGsary to 
irjjuro oji oqtiilibrlun tornoratxiro. 
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The rune mdo at dooreaoiiJG !^-oado, v;hilo Oo th point of 

nininun proooure poniicoiblo to minialn oatioftictoi'y ooolinc (orit^ocJ. 
point), \: 0 TQ of small practical uao duo to tlio tronalont condition of 
tho poroxi'j notal taiporatui'o, Tho linitod imoortanoo of tiiio critical 
value iG undoubtedly a function of tlio non-unifona por ^ otruoturo, for 
it Y.ns found t'lat oquiSbrium could not bo naintainod exactly cit 1 ho 
critical point. Actually tho critical point v/aa obsorvod in tho noich- 
borhood of 212®F., but oqullibriun conditions Vioro novor nold foi' a Ion" 
tino intorval \.'lth tonporaturoc ruich in oxcoco of 195®F. At this loi.’or 
tac.:p 0 raturo tho -v-ator flofv/' rato \tc,c incroasod and a ooaploto film \.ac 
formed over tho cui’faco of tho porous opccinon duo to tho c\voopL'i[2 actxon 
of tho flano. Tlio otability of this filn could be asGUi'od only \inaor 
oonotant \ator flon conditions* This evon filn mdo it poGoiblo to najn- 
tain tho spoolnon at an oquilibriitri ter.TOoratiu’o » Tho lino of im/'ootiga- 
tion v.ao, thoroforo, ohiftod to a oonotant epooimen tcnporatiu'o too’iriquc 
ac OYitlinod in tho discussion of prooodui’o. 

Only a rolativoly foiT nu-ibor of runs of tliio no\7 typo v;oro nado 
on tho copper spooinon duo to tho dotorioration of tho rvotal cauood by 
corrosion and olocging. For thio reason t’uo data on tho copper rrpocirson 
is Iriitod to only a foif points and accounts for t}\o noagor amount of 
data on th*o copper spootnon og plotted in Fig. 0. 

/t tills tino a bronso spooirion uas ooifiplctod and tosts nado 

using tho ooncoant spocinon tanporatiu-o tocimiquo throughout. TIu*oo 
insido surfapo ternporaturoo ccr/oring tho neat appropriabo oporating 
rango (17G® to 190^) wore ooloctod. This range of taaporaturo ’was 
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foiuiJ -CO bo tho rioot ajoroprlato for praotioal uao oiiico It \xxa 
diffioult to mintajja oquilibriuu to:q3oraturoo in o:coooo of t'lGoo 
V0.1U0G. .’JquiliLriio to. -.pora-buroo vinuor tj.io ran(;;o \;ci’o caticfactory 
for o'poi’atioii bx-.t nooosGiltatod on incroaolix;; volurio of coolarrc ariJ 
v/o'olcl bo of O'. xJ.l practinal intoroot. Tho daba tal:on on tho broiiso 
cpooinor. c::ioot!i conolGbont ourroD v;hioh v;orc dirplicatod for loi\; 

continuouo opoi*ation and on ouoooooivo dayc. Tho crToll vardationc 
tlmt v/oro atill apparont vroro boliovod to Imvo arioon ft*or.i vapor olob;- 
ginc of th.o porous r.iotal, ?ron -blio cuinros obtained, tho urj^)oraturo 
oorrootion ohxirt (Pic* 10) xvao oanotruotod xf.iioh nay bo uood to otand- 
ardioo data toJan at any oquilibrlun tavxjraturo. 

LA.u'inr; tho tooting of tlio bronso notal, a thon.iooouplo x.uo 
inotallod on tho oubor om’faoo of -bho tost cpoorcon adjacont to tho 
u-ator jaolcot. Th.o results oher./od a to'-nporaturo gradient of appreri- 
;.’i\boly D0°F crdstir.g aorooc tho porous notal wall, Tiiis typo of toot 
\-u.G cai'riod out for sovoral o::pori:-xontal nuio and t!io ta.T 2 oratxiro 

4m A. 

difforcncc i.no of tho ordoi’ Ghox.’n in "^iG. 17. 

A sinilar notliod v;ac usod in -blio invostigation of a otainloos 
o-beol opoebnon, fl’on x/n3.ch a oorrootion oliart xius foi*nulatod in a li'.x; 
rxaimor. Gtainloos ctoo?. spooinons oro voiv difficult 'bo prooosc rnc'’ 
th.o sintering operation of tliic gcutoIo \.uo cain’icd out 'in a slightly 
o:’;idicli-?g atn.osphorc v/i'fcii rcsultii;; formation of oJa’o^'iiirx o::ido, fo- 
finar.ionto hi tho prooooQ-ing of otaiiL'.oGD stool aro bolixg attaiiiod; 
r.ov'rcyvor furth.oi’ cpocinonc v.'oro not a\*ailablo a.t this tino. Thoroforo 
tho otairJ-ocs stool porous epoeboon usod sliox.-od a groator tondonoy to 
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bocorno clo(;cod duo to tho prooonoo of omll particles of olu’caiura 
oxido throuchout tlio spooiiion. Tor this reason it is boliovod timt 
tho final data tahon at 179*^ for this epooinon nay bo only q\mlitativo. 

Tlio actual valuo of hoat tranofor at tho cpocirnon could not bo 
noaourod, thoroforo potontial hoat tranofor vuluoo T/oro obtained by 
dotornlniiTG tlio hoat tranofor at tho v;"ater jachot imodiatoly ohoad buj 
adjacent to tlio toot eootion. This hoat tronefer v/ao detorr-iinod by 
noasurinc tho tonporaturo rioo and flar rato of tho \mtor surroundin(j 
tho entrant ooction, Hoat tranofor valuoc woro rooordod in DTU/inF-ooo 
and xroTO obtained by uoo of tho equation: 



0.5 

60 



X f X 



AT 

A 



V/lioro ; 

Q a lioat tranofor (potontial heat tmnefor) 

OTU/in.2- 000 ) 

f - coolant Jacket vrtitor flav rate (gal/ain) 

^ T - inlot-outlot tomporaturo difforonoo (or) 

A a cylindrical ourfaco area of entrant section 
(in. 2) (Soctlon a - b, Fi^. 2) 



IVator flcr*7 rato tlurou^h tho porous spocinon v/ao dotominod in 
co/in. Boc fren tho follcrwdn^ foir::ula: 

q a y:^ly X (2.54)^ ^ 0.0775 

Ag 3c GO X t t 



THioro : 

q • v.ator fla-; rato (cc/in.^- eoc) 
t a tino (nin) 

I-r ■ rooorvoir crooc cootioual ai'oa (1.65 In. 2) 
- di*op in rosorvoir head (l in.) 
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A otv.dy Oi tJio crapl'-lcal rosu?tG u.ia.r cuvoo of a oir\l?.ai typ. for 
all opooinonc \7i-bh alicho varia-biono of olopo, Tlio rooulvo iiiclioato 
tint a poroiio otainlosG ctool opociinn caii bo ooolod all looo 

\mtor flcnr than for a coppor or bronso cpooiinm. "avovor, it riuct bo 
ocTpliaoicod tint tho tost Gpocinons woi’o not Gioictly ninilar i*i poro ciso 
and distribution and no conclusions of o, quanbitativo naturo /.lotild bo 
inado fran those toots. Tho onount of v;ator roquirod for ovroat coolix 
appoaro to be only olichtly affoctod by tho notal conductivity. Tl.ia 
is brought otrb by tho oiinilarity of tho ourvos for stainlosc stool tnd 
coppor imioh Imvo a variation in thomal oonuuctivity of approtibnasoly 
thirteen. It is thoroforo concludod that hoat tranofor is nalnly a 
function of \mtor flair and at nost is only sliglitly affoctod by tho 
thexml conductivity of tho notal. 

Tho roGidts ohtainod in thooo ojrooriraonts ai*© of a qualitativo 
nature. SekiII variations in flo\r rato vroro fo\ind to ^Ivo larco tonpora- 
turo difforenooc. As soon as spooinons of finer porosity bocono avail- 
able a much noro unifom vj^ottod surface can bo obtained. By usiix;; a 
finer porosity of this naturo, larcor proscui'o hoads could bo used in 
coolinc* It is felt tiiat tho uso of Iii^hor prosouros v;ill ninirdso tho 
difficulties that arose fron clox^^C to v/ator vapor. 

In spito of the fact tliat those roKlto ore only qualitativo, they 
ohovr definitely tliat tho "svroat cooling” prooosc is higlily foaslblo. 
Continuod oporations i;oro nado v/ith spoctaono in oontaot rrith a flono 
\;hoso t<rrporatm'’o vn.s of tho ordor of 5500®? and tho tavx)i’cituroa of tho 
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Cw'oat coolod iwbalc oovild bo raiircxiinod around xrlth a rolativoly 

a, " 0.11 oriourd: oC \rator I’la/. Thio ic cbam prapldoally in cud 

IG vxhoro a r>oton‘(;lal lujQt treuiofor of 1 ETU/in.^- coo \7ae Imndlo'’ 
a Tfiitor floi/ ra^co of appro:: inaboly 0.1 oc/in.^-coc. 
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17 . 



COITCLU3IOI1S 



Prora tlio rooulto of tliio invootlcation, tho follav/irrj ooncluoionn 
ocai bo drav;nj 

1. \/ator flcp.T rato lo a primry factor in rnaintainin,^ 
mvoat ooolod liotalo at oquilibriun taiporaturoc . 

2. Tho porouo natal conductivity haa Gnall offoot on tho 
potontiol heat tranefor of a mroat ooolod notal, 

3. S\7oat ooolod porouo notalc v/ill uithstand cao taq’)ora- 
turoG two to tliroo tinos larcor thoi^ tho ta.Tporaturoo 
uood in proGcnt day turbo jot units, 

d. A potontial heat tronofor of 1 BTU/in.^-ooo my bo 
Iiandlod by triroat cooling with a imtor flcA7 rato of 
approximtoly 0.1 co/in.^- coo. 
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In vicjiv of tho rouulto obtainod, tlio autb.oro oubnib tlGj 
rolloirin{;; rooomonda-clona i 

1, Tliat oii^iilor invosti;~ationo be oonduotod to diTt.eml';ic 
tho offoot oauood bys a) poro oico, and b) po'.'oorrt 
porooity. 

2, A noro detailod analyaic of tho offoot 3 of flono 
volooity and tonporaturo upon ov/oat cooling. 

3, Tho soalinG on tho porous uabal cpool’-nonc 

should bo plaood on tho oodo of tho tost opoolr::cn iii 
order to olininato otoau formtion in tho v;ator jaohot 
as onoouiiborod in tliis study. 
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